PEGSAT - First Pegasus Payload by Pincus, Robert et al.
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
PEGSAT - FIRST PEGASUS PAYLOAD 
Robert Pincus 
Jack Pownell 
James Rast 
NASA/GSFC 
Pegs at was designed, built and tested in 
slightly more than 6 months to meet the 
planned launch date for the first launch of 
the Pegasus vehicle. The primary objective 
of this multifunction spacecraft was to 
obtain environmental data from the Pegasus 
vehicle for use in designing future satellite 
busses. Taking full advantage of the oppor-
tunity, Pegsat also deployed a small Navy 
experimental satellite, and conducted scien-
tific experiments over Northern Canada in 
support of the upcoming CRRES mission. 
INTRODUCTION 
The first flight of the air launched Pegasus vehicle, which was 
funded by the Defense Advanced Research projects Agency (DARPA), 
was expected to present a unique launch environment to small 
spacecraft that it would carry into orbit. The Pegasus is a 
three stage winged booster rocket developed by Orbital sciences 
Corp. which is capable of delivering payloads up to 1,000 pounds 
into low earth orbit. The Pegasus vehicle is carried beneath the 
wing of the NASA Dryden B-52 which transports it to the launch 
site and releases it at about 42,000 feet. After a five second 
delay, the booster ignites and carries the payload to a predeter-
mined orbit. 
NASA, in accordance with a joint agreement with DARPA, agreed to 
design and build a multi-function spacecraft, called Pegsat, 
which would perform the following functions: 
a) Obtain launch environment data 
b) Deploy a small experimental Navy satellite 
c) Conduct Chemical Release science mission 
Since this was to be the first use of the Pegasus launch system, 
DARPA and NASA were interested in determining the payload com-
partment environment during the B-52 taxi, takeoff, and climb to 
launch altitude as well as the launch environment of the Pegasus 
vehicle itself. This data would be used to characterize the 
total payload environment and will help to establish a set of 
environmental specifications based on actual flight data. This 
would allow satellite designers to build lighter and more cost 
effective spacecraft busses. 
Once on orbit, Pegsat's second function was to launch a small 
Navy experimental communications satellite called SECS. Once 
that was accomplished, Pegs at was then used as an active chemi-
cal release satellite to provide tracer chemicals for earth 
magnetic and electric field plasma experiments. These releases 
were conducted over Northern Canada from a control station locat-
ed in churchill, Canada. 
The other unique requirement placed on the Pegs at team was that 
the launch was to be conducted in 7 months. 
Because of the very short lead time, it would be necessary to 
take advantage of any flight hardware that was available and to 
design and build only those items which could not be obtained in 
time for the launch. 
The original parameters for the mission were: 
Polar Orbit - 90 degrees 
Altitude - 550km (300nm) 
Payload wt - 205kg (450Ibs) 
ENVIRONMENTAL MEASUREMENTS 
Environmental data were required during the entire mission cap-
tive carry sequence aboard the B-52 aircraft. Data was trans-
ferred to a tape recorder on board the aircraft which collected 
data during taxi, takeoff, flight maneuvers, and flight buffet-
ing. Data was also recorded during landing with the inert vehi-
cle and would have been recorded with the flight vehicle if the 
mission had been aborted. Data obtained during the powered 
flight of Pegasus was transmitted via an S-band telemetry system 
to stations at VAFB and Goldstone. 
The environmental measurements required for use by spacecraft 
designers included: 
Acceleration and Loads including shock 
Acoustics 
Random vibration 
sustained Periodic Vibrations 
Pressure Profile 
Temperatures inside the payload fairing 
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Chemical Release Experiment 
Two chemical release canisters containing thermite, barium, and a 
trace of strontium, each weighing 21kg (46lbs), made up the 
scientific portion of Pegsat. These canisters were very similar 
in composition to the canisters being flown on the Combined 
Release and Radiation Effects Satellite (CRRES) and were of great 
interest to the CRRES scientific community. 
The Barium canisters were to be released within a three month 
period after launch, and would create a Barium vapor cloud over 
central Canada. The chemical cloud was to be monitored from 8-9 
observation sites in Canada and the u.S. Following SECS space-
craft deployment, using residual ACS gas from the Pegasus vehi-
cle, Pegs at was spun about its pitch axis to allow the chemical 
release to take place in the general direction of the velocity 
vector. Magnetometers were added to determine the proper space-
craft orientation during ground command of the chemical release. 
DESIGN OF PEGSAT SPACECRAFT BUS 
The block diagram (Fig. 1) includes those systems which were 
required for the environmental measurement phase and for the 
chemical release on-orbit operations. 
ENVIRONMENTAL 
TRANSDUCERS 
I PEGASUS 
I 
I 
r-----------,-I-.. TO NB-S2 RECORDER 
VIBRATION 1 
ACCELERATION 19 CHANNEL I 17 VEHICLE ~I M ACSOHUOSCT~CS FM I FM '~ ~ ___ ....-J __ -' ANTENNA 
>----1 TELEMETRY i, S-BAND _ 
PRESSURE i 'TRANSMITTER 
TEMPERA TURE ' SYSTEM i 
ATTITUDE 
SATELLITE 
MEASUREMENTS 
TM 2 
I 
:5 AXIS MAG 
PYRO SIGNALS i,r-__ -! 
HOUSEKEEPING I 
SILVERCELL 
BATTERY 
LEAD-ACID 
BATTERY 
TM2 
TIMERS 
CONTACT 
PERIOD 
PWR SAVER 
PEGASUS TALK BACKS t======~W~A~T~CH~D~OG~~ ___ ~_ 
POWER I: INT IEXT CONTROL 
DISTRIBUTION PEGASUS COMPUTER 
SYSTEM I DISCRETES 
SECS 
r----1 DEPLOYMENT 
'-,----r-' SYSTEM 
30' r-=L TEMP SW I 
~--O'o ' POWER FROM N8-52 
Figure 1 
ENVIRONMENTAL TRANSDUCERS 
Low Frequency Acceleration & Loads 
6 Sunstrand Low Frequency Servo Accelerometers 
Thrust Axis - Max Predicted 8.5/-0.9 G 
- Measurement 15/-5 G 
Lateral Axis- Max Predicted +1.4/-3.5 G 
Measurement +/- 5 G 
High Frequency Vibration 
8 Endevco Crystal Accelerometers 
All Axes - +/-30 G 
Predicted- 22.3 G 
Acoustics 
1 Endevco Microphone - 140 db 
Pressure 
Bourdon tube, potentiometric - 0-30 PSIA 
Temperature 
Thermistors - Various temperature ranges 
Attitude 
Three (3) Axis Magnetometer - +/-600 milli gauss 
PEGSAT TELEMETRY SYSTEM 
As shown in the block diagram, two telemetry systems were used to 
conduct the Pegs at Mission. TM-1 is a 19 channel constant band-
width FM/FM telemetry system which was configured to provide 
maximum frequency response from the environment experienced by 
the payload during aircraft roll, takeoff, prelaunch and launch 
phases of the Pegasus vehicle. The high speed data portion 
(prelaunch) of the mission utilized the B-52 onboard tape record-
er for data recovery. During the launch and orbital insertion 
phases, data was transmitted by an S-band transmitter which was 
multiplexed into the Pegasus vehicle antenna system. 
The S-band transmitter was a model T-108 manufactured by Aydin 
Vector in 1975 for use in the NASA Sounding Rocket Program. The 
transmitter operated at a carrier frequency of 2269.5 MHZ with a 
nominal power output of 9 watts. The propellant used in the 
Pegasus is highly aluminized which results in additional RF 
attenuation, thus the 9 watt output provided additional margin to 
minimize dropouts during critical porti~ns of the motor burn. 
After orbit insertion, the S-band TM system was turned off and no 
longer functioned for the duration of the Pegs at mission. TM-2 
is a 6 channel proportional bandwidth FM/FM telemetry system de-
signed for on-orbit measurements. Its primary function is for 
housekeeping data, pyro signal monitoring and for aspect informa-
tion from the 3 axis magnetometer. 
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The VHF RF system operates on a carrier frequency of 137.92 MHZ 
with a power output of 5 watts. The transmitter was designed and 
built in-house at the Goddard Space Flight Center as part of the 
IMP Satellite Project during the 1968-69 time period. Using 20 
year old drawings from the IMP Project, new antennas were built 
and installed in the Pegsat spacecraft. 
The antenna system is a basic four (4) element turnstile array 
phased for right circular polarization aft of the spacecraft. 
This provides 75% power coverage at a gain of -5dbi. Use of the 
VHF frequency required a deployed antenna length greater than 
that allowed by the Pegasus fairing. For simplicity, the antenna 
elements were required to be manually folded for flight and to 
erect themselves unassisted once in orbit. The material used for 
the individual elements was obtained from a standard roll-up .75 
inch steel carpenters rule. It provided the flexibility and 
deployed rigidity necessary for the antenna system at a minimum 
cost. The elements were bent and held in place with lacing cord 
while the Pegasus fairing was installed. The lacing cord was 
removed through the access door after installation which allowed 
the elements to relax and rest against the inside of the fairing 
which is deployed during second stage burn. After deployment, 
the antenna elements extended and rigidized to their full length. 
COMMAND SYSTEM 
The spacecraft is equipped with a redundant command receiver and 
decoder system to provide for ground control of the telemetry and 
RF system, EED firings for the chemical release, and for main-
taining the on board clock. It is a basic tone system which 
requires two tones for each command initiation. The 
receiver/decoder is a Conic Model CCR-210 operating at a frequen-
cy of 550MHZ. These same receivers were originally used for the 
Sounding Rocket Skylab CAL/ROC Program in the early 1970's. The 
efficiency and low standby current requirements fit the Pegsat 
mission power constraints admirably. 
The command antenna system used four (4) surface mounted quadra-
loop elements located approximately 90 degrees from each other. 
Each element is fed in quadrature to produce right circular 
polarization aft of the spacecraft. The elements were originally 
designed and built by the Physical Science Laboratory of New 
Mexico State University for use on sounding rocket payloads. The 
elements used on Pegs at were previously flown on a sounding 
rocket mission which was recovered by parachute. The elements 
were refurbished, retuned and installed on the spacecraft. 
Radiation coverage was measured at 83% at -5dbi gain. 
RF LINK CALCULATIONS 
Based on given and measured parameters, a general summary of the 
on-orbit RF link margins are given below. 
137.92 VHF Link 
Transmitter 
TX Loss 
POL loss 
Antenna gain SIC 
Path loss (1750km) 
Gnd Ant gain 
Received Signal 
MOD loss 
System noise 
Channel pwr 
Channel Noise 
Channel SIN 
Required Channel SIN 
Margin 
550 UHF COMMAND LINK 
Command Transmitter Pwr 
SIC Antenna gain 
Distribution loss 
Path loss 
POL loss 
Ground Antenna gain 
Signal received 
Receiver threshold 
Margin 
POWER SYSTEM 
37 dbm 
-2 db 
-3 db 
-5 db 
-140 db 
10 db 
-103 dbm 
-12 db 
-165 dbm 
-115 dbm 
-135 dbm 
20 db 
15 db 
5 db 
53 
-5 
-2 
-155 
-2 
10 
dbm 
db 
db 
db 
db 
db 
-88 dbm 
-101 dbm 
13 db 
Criteria for the chemical release portion of the Pegsat mission 
allowed for a release window as long as 3 months after launch. 
Solar cells and rechargeable batteries were considered as the 
most obvious solution for the power system but quickly set aside 
due to lead times, and the fact that the first chemical release 
would probably coat the solar cells rendering them ineffective 
for further mission use. 
An analysis of the mission operations and pegsat orbital parame-
ters resulted in an energy conservation technique which 'would 
allow use of a fixed set of batteries without recharge for the 
expected mission duration. The planned orbit would result in two 
or three consecutive passes over the tracking and control station 
located at Churchill Canada. For scientific purposes, the pass 
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for the chemical release was tied to the solar depression 
angle and was established by the Pegasus launch window. The time 
for this pass changed slightly each day but allowed for the 
satellite to be put in a dormant mode prior to, and following the 
release pass. 
The final design resulted in a power conservation system which 
would turn the command receiver "onll one orbit prior to the re-
lease pass opportunity and turn it lIoff" after a release pass. 
Since the orbital period was approximately 95 minutes, the com-
mand receiver would only require power for slightly over 3 hours. 
This would be repeated once every twenty four hours. Once the 
command receiver was turned on, the spacecraft could be commanded 
"on ll for mission operations and status monitoring. When the 
spacecraft was commanded "on" from the ground station, another 
timer in Pegsat was enabled which automatically turned the system 
"off" after approximately 10 minutes. This precluded leaving the 
spacecraft in the "on" state. 
A backup timer called a "watchdog timer" was incorporated to 
provide a means of resynchronizing the power saver clock if it 
were to become necessary. The watchdog timer is reset every time 
the spacecraft is contacted from the ground station. If the 
spacecraft is not contacted in a 24 hour period, the watchdog 
timer turns the command receiver on until the ground station can 
contact the spacecraft and resynch the power saver clock. This 
system is functionally shown in figure 2. 
~T-------r------~ TIming Circuit Logic 
COUNT-UP --'i.3±"!!~_.J Power Conservation 
L 
Figure 2 
The battery selected for the Pegsat mission was configured from 
18 LR-40 silver zinc cells manufactured by Yardney Electric Corp. 
A small Gates lead acid battery was included in the spacecraft to 
provide backup power in the event low temperatures were unexpect-
edly encountered. 
Based on the planned mission operations and the power consumption 
of the various subsystems, it was determined that, under optimum 
conditions, the LR40 battery could provide well in excess of the 
90 day design goal. 
STRUCTURE AND MECHANICAL CONFIGURATION 
The Pegs at structure is a discrete subsystem of the satellite in 
contrast to many small satellites that are essentially stacks of 
electronic boxes and instruments bolted together to provide 
adequate structural integrity with a minimum of additional para-
sitic structural mass. The necessity of the "stand alone" struc-
ture was predicated on both engineering criteria and the sch.edule 
and cost constraints. 
The primary structure consists of two parts. The "bus" which was 
derived from a bus structure originally proposed for the SMEX 
program but subsequently abandoned and the forward structure 
which adapts the Small Experimental Communications Satellite 
(SECS) and the two chemical release canisters to the bus. Figure 
3 shows the Pegs at configuration and attachment to Pegasus. 
Although purposely designed with a high degree of conservatism in 
order to allow start of fabrication prior to final determination 
of detail subsystem support requirements and loading, the primary 
structure accounted for less than 10 percent of the total weight 
with no element stresses higher than 10 ksi based on finite 
element analysis. 
The structure was required to support several heavy components in 
addition to housing and supporting the spacecraft subsystem. 
These components were the SECS and associated eject mechanism 
weighing approximately 150 Ibs., two chemical release canisters 
at 46 Ibs. each, the silver/zinc battery at 50 lbs., and the 
lead/acid battery at 14 lbs. Since minimizing weight was an 
important consideration, structural efficiency was achieved by 
close attention to load paths, selection of appropriate materials 
and control of the physical configuration early in the prelimi-
nary design phase. 
The primary bus structure is of semi-monocoque construction 
consisting of machined magnesium bulkhead segments and sheet 
aluminum shear webs, central cylinder and bent up stiffeners 
fastened together primarily with squeezed rivets and a small 
number of blind rivets. Figure 4 is an expanded view of the bus 
structure. A considerably percentage reduction in the overall 
structural weight could have been achieved, if time had allowed, 
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by simply reducing thickness of the sheet in the low stress areas 
with no significant design changes. Since the weight of the 
structure was a small percentage of the total spacecraft weight 
and construction had to be started before all of the sUbsystems 
and methods of attachment and resulting loads had been deter-
mined, this was not done. However, this is an example of one of 
the advantages of this type of construction which can easily be 
exploited when time is not of such a premium as with Pegsat. 
Also if stress levels are higher and/or additional stiffness is 
required overall or in local areas, it is a simple matter to 
increase thickness or add doublers even after construction has 
started. 
PEGSAT SPAC::CRAFT 
Figure 3 
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since the stresses in the shear webs are usually very low, cut 
outs for access or cable routing can be made as required during 
construction and mounting brackets attached with negligible 
effect. 
The forward structure was designed and built in the same manner 
as the bus. It consists of two machined magnesium base plates 
with hole patterns for attachment to the bus forward bulkhead 
hard points and a machined magnesium forward plate to which the 
SECS ejection mechanism assembly and canister support rings were 
attached. The plates were joined by built up sheet metal bulk-
heads and side panels. The total weight of forward structure is 
less than eight pounds. 
Aluminum sheet metal was used wherever possible since it was 
readily available in all thicknesses from .015 to .062 inches 
that satisfied the load requirements and is easy to form. The 
machined parts were made of magnesium alloy. It has very good 
machining properties although precautions have to be taken due to 
fire hazard of the chips. It has, in general, the same strength 
to weight ratio as aluminum alloy. Preliminary analysis indicat-
ed that the web thickness required for aluminum would be much 
less than practical to fabricate by conventional means. By using 
magnesium, the weight of these parts were reduced by a third. 
The magnesium surface received a DOW 25 electro-chemical treat-
ment to resist corrosion and still be electrically conductive. 
Magnesium was not considered for the sheet metal parts since 
minimum thickness was not a problem and the bend radius of magne-
sium without heated dies is very large. 
The use of composites an/or honeycomb sandwich was not considered 
since the use of these materials on a small one-of-a-kind struc-
ture would provide little or no weight savings and impose large 
penalties in cost and schedule. A weight saving using honeycomb 
sandwich in this type of structure would be absorbed by added 
weight in edge closures and attachment fittings. A direct sub-
stitution of composites could possibly save 10-20% in weight if 
unidirectional characteristics could be applied, however this 
could not possibly be done without a thorough knowledge of loads 
and a lot of money and time. In addition there would also be 
problems with electrical conductivity and EMI shielding. 
Schedule and cost constraints were met by taking into considera-
tionduring the early design phase, assembly processes and test 
requirements based on available facilities, tooling, and manpower 
capability and availability. Two identical structures were built 
to allow concurrent testing and flight build up. This was for~u­
itous in that when OSC decided to do a series of inert flights 
with the B-52 prior to the actual launch, the Engineering Test 
Unit (ETU) was available. Assembly of both units was done in 
house by one experienced technician using only a surface table 
for alignment. No alignment jigs were required yet all surface 
measurements were within .005 inch. 
Basic hole patterns were predrilled on components with pilot 
holes. The structure was then assembled with cleco clamps and 
drilled for riveting. The first bus assembly, held together with 
cleco clamps, was presented at the Safety Review approximately 
two months after the start of the Pegsat Project. A simple drill 
template and jig was made to drill and assemble the six shear 
panels and associated stiffeners. See figure 4. These in turn 
provided alignment for the whole assembly. The bulkhead segments 
with predrill pilot holes were cleco clamped to the web assembly 
with the ends of the webs sandwiched between the segments. After 
assembly of the bus, the base plates of the forward structure was 
then assembled on them using predrilled side panels for alignment 
of the forward plate and bulkhead. 
The Pegasus launch vehicle presented several unique design and 
operational requirements which proved to be of minor conse-
quences. Transverse loads are considerably higher than encoun-
tered on the conventional ELV. This is due to the pull up force 
of 2.8 g during lst stage burn. During the captive carry, later-
al forces of approximately 19 and vertical (relative to the B-52) 
forces of 3.5 g due to a possible abort were anticipated. From 
data obtained during the inert flights these landing loads 
will probably be relaxed. 
Handling during attachment of Pegsat to the Pegasus launch vehi-
cle was different than that with the conventional ELV in that the 
vehicle is horizontal. Procedures were worked out in real time 
during the inert tests by using a double hook hoist that OSC 
happened to have available to rotate the spacecraft from vertical 
to horizontal. 
Two lifting bars are attached at hard points on the two opposing 
4 inch wide flanges at the ends of the webs in the plane normal 
to the plane containing the chemical release canisters. Lifting 
slings are attached to the ends of the lifting bar for vertical 
lifting. A pair of transverse bars (normal to the lifting bars) 
are attached near the C.G. of the satellite with a spreader bar 
between them. 
There are several hole patterns on the lifting bars to allow for 
the C.G. location with and without SECS attached. Rotation from 
vertical to horizontal is accomplished by lifting vertically with 
the lifting bars. The second hook on the hoist is attached to 
the spreader bar between the transverse bars, and by winching in 
the cable, rotation is accomplished. 
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GROUND STATIONS 
The Pegsat on orbit operations were supported by two tracking 
ground stations; a prime station located at Churchill Canada and 
a back-up station located at the Goddard space Flight Center 
(GSFC) in Greenbelt, Md. The prime station at Churchill was 
supported by the Wallops Flight Facility. It consisted of a 
fully equipped trailer with all of the equipment necessary for 
VHF telemetry acquisition, processing and recording. It also 
provided programmed tracking, as well as the command and encoding 
system for spacecraft control. 
The back-up station at the GSFC was assembled using readily 
available commercial components, many of which are used by ama-
teur radio enthusiasts. The 550 Mhz command transmitter was 
borrowed from the NASA Sounding Rocket Program. A block diagram 
of the backup station is shown in figure 5. 
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ABSTRACT 
Pegasus Payload Integration 
stephen Nichols, Jason O'Neil and Jay Malanga 
Defense Systems Inc. 
McLean, virginia 
This paper describes the integration process of the first payload, 
SECS, launched by the PEGASUS air-launched vehicle (ALV). After 
receipt of the interface drawings from Orbital Sciences 
Corporation, Defense Systems Inc. began the design of a V-band 
system sui table for stacking the SECS spacecraft on top of the 
PEGSAT. This paper describes in detail the horizontal processing 
flow necessary to integrate and test a PEGASUS payload. The flow 
is analyzed to show prospective spacecraft suppliers how to reduce 
the timeline. A description of the alternative payload adapter 
options shows the variety of attachment methods thereby maximizing 
mission planning flexibility. In addition the authors focus on how 
the telemetry system doubles as a ground checkout unit. The result 
is a greatly simplified procss which eliminates the need for 
breaker boxes and harness disconnects. A discussion of the safety 
procedures also highlights this simple, yet effective integration 
process. Finally, after reviewing the timeline in detail, this 
paper recommends actions which will further compress the process 
thereby enhancing the potential of PEGASUS for rapid tactical 
deployment. 
INTRODUCTION 
The PEGASUS launch vehicle is a three stage rocket, carried aloft. 
by an aircraft before release and ignition. The spacecraft 
construction industry will have the opportunity, in the coming 
years, to integrate with PEGASUS in a more streamlined and cost 
effective manner than has hereto for been possible. Figure one 
shows the available payload volume that PEGASUS provides inside the 
fairing. Also shown in figure one is the attachment interface. 
Since PEGASUS is assembled in the horizontal position, there is 
easy access during integration of the payload to the launch 
vehicle. This allows the use of roll-up electrical ground support 
equipment (GSE) instead of complex umbilicals. Mechanical GSE 
shown in figure two, is used to support the payload as it is mated. 
Figure three shows the mating sequence. First the payload is 
assembled and checked out in the vertical position, then it is 
rotated to the horizontal position, and then hoisted to the launch 
vehicle interface for mating. 
MISSION RESULTS 
Pegasus was successfully launched on April 5, 1990 placing Pegs at 
in a 270nm by 370nm near polar orbit. Excellent data were re-
ceived from the environmental measurement system and is presently 
being analyzed and compiled into a final report. 
The small experimental communications satellite, SECS, was suc-
cessfully deployed and was reported to be operating as planned. 
Both chemical canisters were successfully activated over Northern 
Canada during the latter part of April, providing the science 
team with excellent observations of the barium cloud as far south 
as Texas. 
Pegs at was still operating 4 months after launch and has not 
experienced any failures. The "battery only" power system is 
holding up nicely and should provide adequate power for at least 
another month or two of operation. Engineering data is still 
being obtained from Pegsat which will be useful in the design of 
future spacecraft. 
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FIGURE 3 
MATING SEQUENCE 
Fl INTEGRATION 
The PEGASUS first flight (F1) included two payloads integrated to 
the avionics deck of the third stage. PEGSAT, provided by NASA 
Goddard Space Flight Center, was attached to the third stage 
avionics deck. The DSI designed and built SECS rested on top of 
PEGSAT, secured by a maraman ring, as sown in figure four. The 
marman ring design was adapted from the design used on the GLOMR 
satellite launched from the Shuttle in 1985. Figure five is a 
picture of the two payloads mounted to the third stage of PEGASUS 
with half the fairing installed. In this figure, PEGASUS is 
mounted on its transporter. The deck of the transporter has a flat 
steel plate, allowing easy access to the payload at this phase of 
the operation. 
The payload processing flow is shown in figure six. This flow 
chart shows the arrival of the payload two weeks before scheduled 
launch. After arrival at Dryden Flight Reseach Center, Edwards Air 
Force Base, post-shipment functional tests were performed and final 
pre-mate assembly was completed. Electrical interface compatibility 
tests and mating were performed eight days before launch. Final 
payload closeout and fairing mate were performed four days before 
launch. This was the last access to the spacecraft as there was no 
umbilical connection to the SECS. SECS was launched in a powered-
down mode. When the marman band was released, a microswitch 
activated the satellite electronics. separation from PEGSAT was 
achieved by firing bolt cutters on the top of PEGSAT. 
Transportation of the PEGASUS to the aircraft was performed one day 
before launch. 
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FIGURE 4 
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FIGURE 5 
Fl PAYLOAD MOUNTED ON PEGASUS 
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FIGURE 6 
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SAFBTY 
While most of the safety concerns raised by the operation of a 
launch vehicle relate to the provider of the launch vehicle, the 
spacecraft developer must conform to the same rules. The key to 
safety approval is to provide a feeling of confidence in the 
government safety representatives that they understand and approve 
the safety features of the subject spacecraft. The role of the 
spacecraft developer is to balance the safety requirements with the 
mission success requirements. Figure eight provides an overview of 
the process of implementing a system safety plan. Launch facility 
and range providers are concerned with unplanned actions which have 
a ptential for bodily injury or property damage. Years of 
government experience in space launches have refined these rules to 
provide the neceesary safe environment. Figure nine shows a two 
phase approach which allows the facility providers to learn of the 
launch characteristics and provide helpful feedback when design 
changes are readily accomodated. The second phase will then 
proceed smoothly as the spacecraft developer provides the final 
hazard identification and analyses and launch base procedures. 
Spacecraft developer actions are shown in figure 10. Major 
programmatic milestones are also safety milestones. Early actions 
ensure coordination between safety review panels and the spacecraft 
developer. 
Reference safety documents are listed in figure 11. The first two 
documents describe the design constraints and procedures to be 
followed at Edwards Air Force Base and the Western Space and 
Missile center operated by Vandenberg Air Force Base. The payload 
must demonstrate electromagnetic compatibility with the aircraft, 
rocket and range. If the payload is dormant, then this requirement 
is easy to comply with. If not then MIL-STD-1541 will apply. A 
word of caution: Modern switching regulators in electrical power 
systems are notorious generators of EMI in the HF frequency range. 
Many spacecraft utilize electroexplosive devices to deploy 
appendages and to release from the final stage of the launch 
vehicle. MIL-STD-1576 provides the information needed by the 
spacecraft developer to prevent inadvertant activation of these 
devices. Good design practices and fault tolerant circuitry are 
the keys to success in this area. 
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PURPOSE: 
WHAT IS A HAZARD: 
CLASSIC AREAS OF 
SAFETY POCUS: 
FIGURE 8 
SYSTEM SAFETY PROGRAM IMPLEMENTATION 
TO PREVENT INJURY OR DAMAGE TO PERSONNEL OR EQUIPMENT. THIS IS 
ACCOMPLISHED BY IDENTIFICATION OF HAZARDS FOLLOWED BY THEIR ELIMINATION 
OR CONTROL 
o 
o 
o 
o 
o 
AN UNPLANNED RELEASE OF ENERGY, OR 
AN UNPLANNED REACTION TO A RELEASE OF ENERGY 
HYDRAZINE 
PYROTECHNICS 
SEPARATION/DEPLOYMENT SYSTEMS 
SPECIFIC PRELIMINARY ACTIONS 
o DESIGN IMPACT TO ELIMINATE/MINIMIZE HAZARDS 
o COMPLETE ,DETAILED HAZARD IDENTIFICATION 
o SUBMIT INITIAL PHASE SAFETY REVIEW 
o MONITOR DESIGN, TEST PLAN SCREENING, TRAINING, AND DOCUMENTATION UPDATE 
FIGURE 9 
PHASE SYSTEM SAFETY DATA PACKAGE 
SUBMITTED IN THE FORM OF AN ACCIDENT RISK ASSESSMENT REPORT (ARAR) 
o DESCRIBES THE FLIGHT HARDWARE, PAYLOADS, PRELAUNCH PROCESS 
o ALSO INCLUDES GSE AND SUPPORT PROCEDURES 
PHASE 1: PROVIDES NEAR-TERM VISIBILITY TO THE PROCESS AND DOCUMENTS INITIAL SAFETY-RELATED 
LAUNCH BASE REQUIREMENTS 
o CONTAINS PRELIMINARY SYSTEM DESCRIPTION (ISDR LEVEL) 
o PRELIMINARY HAZARD IDENTIFICATION 
o RESOLUTION METHODS FOR HAZARDS IDENTIFIED ABOVE 
o SOME HAZARD ANALYSES COMPLETED 
PHASE 2: PROVIDES FINAL DOCUMENTATION FOR THE AIR FORCE PRELAUNCH SAFETY REVIEW 
o FINAL SYSTEM AND PAYLOAD DESCRIPTIONS 
o FINAL HAZARD IDENTIFICATION 
o COMPLETED HAZARD ANALYSES 
o LAUNCH BASE PROCEDURES INCORPORATED 
o FLIGHT (LAUNCH) SAFETY VERIFIED AND DOCUMENTED 
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FIGURE 10 
SYSTEM SAFETY PROGRAM, DEVELOPMENT RELATED ACTIVITY 
PROGRAM ACTIONS 
o INTIAL DESIGN STATUS REVIEW 
o FINAL DESIGN STATUS REVIEW 
o INITIAL PHASE SAFETY REVIEW 
o FINAL PHASE SAFETY REVIEW 
o LAUNCH READINESS REVIEW 
EARLY ACTIONS 
o SYSTEM SAFETY PLAN COMPLETED AND SUBMITTED 
o SAFETY RELATED TRAINING 
o SAFETY IMPACT AREAS INCLUDE: 
TEST PLAN DEVELOPMENT 
PYROTECHNIC FIRING CIRCUIT DESIGN 
PYRO SELECTION 
AFFTCR 127-3 
WSMCR 127-1 
MIL-STD-1541 
MIL-STD-1576 
FIGURE 11 
SAFETY DOCUMENTS 
SAFETY PLANNING FOR AFFTC TESTS 
RANGE SAFETY REGULATION 
ELECTROMAGNETIC COMPATABILITY REQUIREMENTS 
FOR SPACE SYSTEMS 
ELECTROEXPLOSIVE SUBSYSTEM SAFETY REQUIREMENTS 
AND TEST METHODS FOR SPACE SYSTEMS 
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FUTURE CAPABILITY 
Future flights of the PEGASUS will establish new precedents and 
provide alternative options for payload interfaces. OSI has 
payloads scheduled for the next two PEGASUS launches and has 
developed a variety of interface techniques. This section will 
discuss some typical interfaces that might be used with PEGASUS as 
well as some design alternatives. 
overview 
Mechanical and electrical interfaces on future missions will take 
advantage of more features built into PEGASUS. Mechanical and 
electrical interfaces allow a variety of alternative options to be 
utilized. Figure 12 shows a typical marman band design. The 
marman ring is a flight proven design with an approximately 22 inch 
diameter. Four pads provide space for the separation springs. Two 
bolt cutters are used to release the marman band. If either cutter 
is fired, the band will release. A separation connector provides 
a means to pass electrical signals between the PEGASUS third stage 
and the spacecraft. These signals are used to "wake-up" the 
spacecraft processor and to initiate the release sequence. Figure 
13 shows how the electroexplosive system compatible with PEGASUS 
will be implemented. This circuit provides the neccesary fault 
tolerance and electrical protection to ensure compliance with 
safety rules as well as successful on-orbit operation. 
Figure 14 shows the PEGASUS electrical interfaces. The capability 
to interface with the launch vehicle operators console in the 
aircraft provide the capability for one final health-and-status 
check before release. This could be accomplished by providing a 
small computer on the aircraft which would communicate via RS-422 
or equivalent interface. The console operator would initiate a 
software sequence to perform the checkout and a simple response 
would provide feedback to the operator. 
A fairing door is available to the payload that would provide 
access for final battery charging after fairing installation. 
Final ordnance arming could also be provided through this door. 
Figure 16 provides an overall view of how the interfaces and access 
are configured. ose currently provides two different door 
locations. 
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FIGURE 12 
PAYLOAD/PEGASUS INTERFACE RING 
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FIGURE 13 
ELECTROEXPLOSIVE SUBSYSTEM 
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FIGURE 14 
PAYLOAD ELECTRICAL INTERFACES 
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FIGURE 15 
PAYLOAD ACCESS THROUGH FAIRING 
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FIGURE 16 
PAYLOAD/PEGASUS CONFIGURATION 
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options 
Several small payloads may be launched from one PEGASUS mission. 
thus making more efficient use of the launch vehicle and lowering 
the cost to the individual user. Several techniques that DSI has 
investigated are presented here. Figure 16 shows how two payloads 
could be stacked. Beams carry the load of the top spacecraft 
through the bottom spacecraft, thus decreasing overall structure 
mass of the bottom spacecraft. After receiving an activation 
signal from PEGASUS, the bottom spacecraft would provide the 
control of the electroexplosive circuits, after receiving an 
activation signal from PEGASUS, that would fire the bolt cutters 
and then release the top spacecraft and then itself from the 
PEGASUS third stage. 
Two other mounting configurations for multiple satellite delivery 
on one launch vehicle are shown in Figure 17. In the top part of 
the figure, a carriage is bolted to PEGASUS. This provides a 
separate interface for each sapcecraft, thus eliminaing the need of 
adjacent spacecraft to help carry the load. The separation system 
in this design is centrally located on the carriage. The bottom 
part of the picture shows a stacked configuration. Lower 
spacecraft structures must carry the load of the spacecraft above 
them. separation connectors on each satellite provide a daisy 
chain connection between PEGASUS and all of the spacecraft for 
separation initiation signals. This system would provide 
redundancy by allowing each spacecraft to "back-up" the firing 
circuitry of its immediate neighbor. 
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FIGURE 17 
PAYLOAD MOUNTING OPTIONS 
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RAPID PROCESSING FOR TACTICAL DEPLOYMENT 
This paper has described the features of the integration process 
wi th PEGASUS. DSI has had recent experience with avariety of 
launch vehicle systems. Each has its own method of doing business 
and the spacecraft developer must learn to conform to work 
practices that often have decades of tradition to justify these 
procedures. Figure 18 shows a summary of these experiences. A 
small payload on the SHUTTLE must conform to schedules that are 
driven by SHUTTLE processing requirements. This means that 
integration is performed early in the ground processing flow. The 
liquid-fueled ATLAS also has a lenghty ground processing 
requirement, although not as bad as the SHUTTLE. The integration 
to the ATLAS takes place with the ATLAS in the verticle position on 
a gantry, which severely limits the access to the spacecraft. The 
SCOUT is integrated in the horizontal posistion and has a 
streamlined processing flow. Time is required to spin balance the 
upper stage and spacecraft. The PEGASUS is integrated 
horizontally, has easy access even after integration and balance 
requirements are not as severe as systems utilizing spin 
stabilization. 
The tactical user can take advantage of the features in PEGASUS 
that can provide quicker launch processing times than have been 
discussed in this paper. The features that allow this quick 
processing are the use of roll-up ground support equipment, easy 
mating in the horizontal position, lack of spin balance 
requirements, access to batteries and pyro circuits after fairing 
installation and launch in the dormant mode. The tactical user 
could be prepared to integrate on short notice or could integrate 
and then store until the launch opportunity arrived. Short notice 
integration consists of quick fuctional checks and mating the 
spacecraft to the launch vehicle. These acti vi ties are measured in 
hours rather than days. The all solid-fuel rocket does not need 
elaborate processing so that launch can occur quckly after 
integration. Integrate-and-store allows access to the spacecraft 
using the roll-up GSE with access through the fairing door for 
periodic battery charging and final pyro circuit arming when the 
launch decision is made. In this mode launch could occur within 
hours of the decision to launch. Support personnel requirements in 
this mode would be minimal. 
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FIGURE 18 
INTEGRATION TIMES FOR VARIOUS LAUNCH VEHICLES 
(FROM TIME OF ARRIVAL TO LAUNCH FOR SMALL PAYLOADS) 
SHUTTLE: 4 MONTHS 
ATLAS: 2 MONTHS 
SCOUT: 1 MONTH 
PEGASUS: 2 WEEKS 
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